Cigarette smoking produces oxidant-mediated changes in the lung important to the pathogenesis of emphysema. Since vitamin E can neutralize reactive oxygen species and prevent peroxidation of unsaturated lipids, it may constitute an important component ofthe lung's defense against oxidant injury. To better characterize the antioxidant protective role of vitamin E, young asymptomatic smokers and nonsmokers were evaluated by bronchoalveolar lavage before and immediately after a 3-wk course of oral vitamin E (2,400 IU/d). Smoker alveolar fluid at baseline was relatively deficient in vitamin E compared with nonsmoker fluid (3.1±0.7 ng/ml vs. 20.7±2A ng/ml, P < 0.005). Although smoker alveolar fluid vitamin E levels increased to 9.3±2.3 ng/ml after supplementation, the levels remained significantly lower than nonsmoker baseline levels (P < 0.01). This deficiency was explained, in part, by the increased oxidative metabolism of vitamin E to the quinone form in the lungs of smokers compared with nonsmokers. Although the significance of a lower concentration of alveolar fluid vitamin E is unclear, it may compromise the antioxidant protection afforded by the alveolar fluid as it coats the lung's epithelial surface. The protective role of vitamin E was assessed by cytotoxicity experiments, which demonstrated that the killing of normal rat lung parenchymal cells by smoker alveolar macrophages was inversely related to the vitamin E content of the parenchymal cells. These findings suggest that vitamin E may be an important lower respiratory tract antioxidant, and that the deficiency seen in young smokers may predispose them to an enhanced oxidant attack on their lung parenchymal cells.
Introduction
There is increasing evidence that oxidant mechanisms play an important role in the pathogenesis of emphysema in cigarette smokers (1) . Cigarette smoke contains a variety of compounds, both in the particle fraction and the gaseous phase, that function as oxidants (2) (3) (4) . Furthermore, cigarette smoking induces a striking increase in lung inflammatory cells, principally alveolar macrophages and neutrophils (5, 6) , which are potent producers ofreactive oxygen species, including superoxide anion (O°), hydrogen peroxide (H202), hydroxyl radical (Off), and myelope-roxidase products (7, 8) . Chronic exposure to these oxidants may contribute to the lesion of emphysema by damaging both the connective tissue matrix and the parenchymal cells of the lung. Evidence that oxidants damage the extracellular connective tissue matrix of the lung is chiefly derived from studies demonstrating that both cigarette smoke (4, 9, 10) and activated phagocytes ( 11) are capable of oxidative inactivation of alpha-1-antitrypsin, the major antielastase in the lung (12) . A functional deficiency of alpha-l-antitrypsin may lead to unimpeded elastolytic degradation of the connective tissue matrix of the lung (13) . Evidence that oxidants damage the cellular components of the alveolar wall is derived from two sources. First, smoker alveolar macrophages have enhanced oxidative metabolism (14, 15) and cytotoxic potential for lung parenchymal cells (14) and fibroblasts (15). Second, cigarette smoke increases peroxidation of lipids in the lungs of experimental animals (16) . If the phospholipids of cellular membranes are subjected to extensive peroxidation, they undergo degradation that leads to structural damage and eventual cell death (17) .
Since cigarette smoking seems to produce oxidant lung injury, one possible therapeutic approach involves the augmentation ofantioxidant protection at the level ofthe alveolar structures. Vitamin E is a naturally occurring antioxidant that is virtually free of toxicity in man (18, 19) . Its antioxidant properties reflect its ability to neutralize free radicals, including toxic oxygen intermediates, thereby preventing peroxidation of unsaturated lipids (20, 21) . Numerous animal studies have demonstrated that vitamin E is an important determinant of the lung's susceptibility to injury by various oxidants, including hyperoxia (22, 23) , NO2 (24, 25) , ozone (26) (27) (28) , paraquat (29) , nitrofurantoin (30) , and other oxidizing agents (31, 32) . Oxidizing substances in cigarette smoke also produce lipid peroxidation (16) , and Chow et al. (33) have shown that vitamin E-deficient rats exposed to cigarette smoke die prematurely compared with control animals.
Although vitamin E has been extensively evaluated in animal models of oxidant lung injury, little quantitative information is available about its role in human lung disease. In the present study, smokers and nonsmokers were evaluated by bronchoalveolar lavage (BAL)' before and immediately after a 3-wk course of oral vitamin E. These studies provide evidence that the lower respiratory tract fluid of smokers is relatively deficient in vitamin E. This decreased level ofvitamin E is at least partially explained by the greater oxidation of vitamin E in the lungs of smokers compared with nonsmokers. The possible significance of deficient alveolar fluid vitamin E levels is underscored by cytotoxicity experiments in which smoker alveolar macrophages demonstrate enhanced killing of vitamin E-deficient lung parenchymal cells from experimental animals.
Methods
Subject groups. Young cigarette smokers (n = 7) with no history of cough or sputum production were screened by history, physical examination, and chest roentgenogram. Routine spirometry revealed a normal forced vital capacity (FVC), forced expiratory volume in 1 s (FEV 1), and a FEV1/FVC ratio of >80% in all subjects. There were five females and two males with a mean age of 32.7±3.3 yr. Subjects had smoked an average of 15.0±3.9 pack years (packs of cigarettes smoked per day times years smoked), and were instructed to continue their respective smoking habits, including smoking immediately before bronchoscopy. As a relevant control group, nonsmokers (n = 12) with a mean age of 22.8±1.1 yr were evaluated under a similar protocol. All subjects gave informed consent and were studied under an approved protocol of The Ohio State University Human Subjects Review Committee.
Study design. The protocol was designed as a single blind, crossover study comparing placebo and vitamin E (dl-a-tocopheryl acetate). Placebo and vitamin E capsules were indistinguishable, and were a generous gift of the R. P. Scherer Corp. (Clearwater, FL). Each subject took a 3-wk course of placebo followed by a 3-wk course of vitamin E (2,400 IU/d). Since elevated tissue levels of vitamin E may persist for variable periods oftime after supplementation (34) , all subjects took placebo first, although they were unaware of the order of the medications. At the end of each 3-wk period, serum and BAL samples were collected and stored at -70'C until analysis. Henceforth, results obtained after the 3-wk course of placebo will be called baseline, and results obtained after the 3-wk course of vitamin E will be called supplemented.
BAL. Fiberoptic bronchoscopy and BAL were performed as previously described (5) . To ensure uniformity, all procedures were done by the same bronchoscopist (Dr. Pacht). All subjects were studied on room air and did not receive supplemental oxygen. Briefly, after local anesthesia with 2% xylocaine, a flexible fiberoptic bronchoscope (model BF-B2, Olympus Corp. of America, New Hyde Park, NY) was passed transnasally and wedged into segments of the right lung. Two segments were lavaged, each with 100 ml of 0.9% saline in 20-ml aliquots, for a total of 200 ml.
The recovered BAL fluid was strained through coarse-mesh surgical gauze and centrifuged (500 g, 15 min) to separate cellular and noncellular components. The BAL supernates were buffered with 1.0 M Tris HCI (pH = 7.4) to a final concentration of 0.05 M Tris and stored at -70°C in small-volume aliquots until further analysis. The cell pellets were washed twice in Hanks' balanced salt solution (HBSS) without Ca++ or Mg++ and counted by hemocytometer. A small aliquot was cytocentrifuged (35 g, 10 min), air-dried, and stained by modified Wright-Giemsa stain. A differential count was performed on a minimum of 300 cells. Viability was assessed by measuring the ability of alveolar macrophages to exclude 0.2% trypan blue.
Animal studies. Adult female Sprague Dawley rats weighing 170-210 g (n = 6) were randomly divided into two groups. One group was fed a specially prepared diet completely devoid of vitamin E for 20 -23 wk, The second group was given the same diet supplemented with 66
IU vitamin E/kg of chow for 20-23 wk. The diet devoid of vitamin E followed the formulation of Draper et al. (35) , and was supplied by ICN Pharmaceutical Co. (Cleveland, OH). Rats were killed, the chest and abdominal cavities were opened, and blood was immediately drawn from the abdominal aorta into a heparin-coated syringe. The trachea was cannulated with a 14-g catheter and the lungs removed en bloc from the chest. The left lung, trachea, and cannula were immediately used in cytotoxicity experiments (see below). The right lung, liver, adrenal gland, adipose tissue, and ovary were weighed, wrapped in aluminum foil, and placed on ice for vitamin E studies (see below). In additional rats (n = 6), the right mainstem bronchus was ligated and the left lung underwent BAL. This lung was slowly and evenly inflated with 5 ml of 0.9% saline by means of a I0-ml syringe attached to the tracheal catheter. The lung was then inverted and fluid aspirated by gentle syringe suction. Approximately 3 ml was recovered from each animal. The right lung was weighed, wrapped in aluminum foil, and placed on ice for vitamin E studies (see below).
Additional experiments were performed to determine the distribution and metabolism of vitamin E. A third group of rats (n = 3) consisted of animals maintained on a diet devoid of vitamin E for 20 wk who were given a large oral dose of vitamin E (16.7 IU, which is equivalent to 5,000 IU in a 60-kg man) 24 h before killing. Tissues were harvested and used for measurements of vitamin E and its major oxidative metabolite, vitamin E quinone (see below). Vitamin E and vitamin E quinone assay. Vitamin E and vitamin E quinone levels were determined by high performance liquid chromatography (HPLC) (36, 37) on the following tissues: (1) human and rat serum (100-Ml sample); (2) human and rat unconcentrated BAL fluid (4-8-ml sample); (3) human alveolar macrophages (2.5-7.5 X 106 cells); (4) rat tissues (-100-mg samples of lung, liver, adrenal, ovary, and adipose tissue). Alveolar macrophages were suspended in 1% ascorbic acid (Fisher Scientific Co., St. Louis, MO) in ethanol (Fisher Scientific Co.) solution and sonicated for 1 min at 45 W on an Artek 150 sonic dismembrator (Artek System Co., Farmingdale, NY). Freshly harvested rat tissues (see above) were placed in 3% pyrogallol (Fisher Scientific Co.) in ethanol solution and anaerobically homogenized for 30 s.
The saponification and extraction of vitamin E from the above samples was performed according to the method ofHatam and Kayden (38) . Briefly, samples were placed in teflon-stoppered borosilicate glass tubes and treated with 2 ml ofeither 1% ascorbic acid in ethanol or 3% pyrogallol in ethanol. After heating 2 min at 70'C, 300 Ml of a saturated KOH (Fisher Scientific Co.) solution was added, and the tubes were incubated for 30 min at 70'C. The tubes were cooled on ice, and I ml of distilled water and 4 ml of hexane (Fisher Scientific Co.) was added. Samples were vortexed vigorously and centrifuged at 1,600 g for 10 min. Exactly 3.6 ml of the upper hexane layer was removed, placed in a small borosilicate glass tube, and evaporated to dryness over nitrogen gas at 350C. The samples were redissolved in 4 ml methanol and filtered through a 0.22-,um filter (Millipore Corp., Bedford, MA). Samples were stored in glass screw top vials under nitrogen at -70'C until analysis by HPLC.
Vitamin E and vitamin E quinone were measured using a Beckman model 334 gradient liquid chromatograph (Beckman Instruments, Inc., Palo Alto, CA) equipped with a Beckman 164 variable wavelength detector and an Altex model C-RIA integrator-recorder (Beckman Instruments, Inc.). The analytical reverse-phase column was 55 cm and consisted of two 15-cm Altex Ultrasphere ODS columns (4.6 X 150 mm) and one 25-cm Altex Ultrasphere ODS column (4.6 X 250 mm). Vitamin E and vitamin E quinone were measured using isocratic elution with 100% methanol at a flow rate of 1.2 ml/min. Monitoring conditions for vitamin E and vitamin E quinone were ultraviolet 294 nm and ultraviolet 254 nm, respectively. Retention times were 14.3 and 20.0 min for vitamin E quinone and vitamin E, respectively. Calibration curveswere established for vitamin E and vitamin E quinone from measured peak areas of their respective chromatograms using standards supplied by Eastman Kodak Co. (Rochester, NY). The minimum amounts of vitamin E and vitamin E quinone that could be detected were 2 and 1 ng, respectively. Results were expressed as gg/ml of serum, ng/ml of unconcentrated BAL fluid, ng/106 alveolar macrophages, and gg/g of wet rat tissue. Vitamin E quinone to vitamin E ratios were also calculated and expressed as a percentage.
Measurement ofsuperoxide anion released by alveolar macrophages. To determine if vitamin E supplementation could inhibit production of O2 by smoker alveolar macrophages, O2 release was assayed by previously described techniques (39) . This assay depends on the reduction of type VI ferricytochrome C (Sigma Chemical Co., St. Louis, MO) by°2-Briefly, smoker alveolar macrophages (I X 106 cells/ml) in RPMI (Gibco, Grand Island, NY) were placed in 24-well tissue culture plates (BectonDickinson & Co., Oxnard, CA) and allowed to adhere for 60 min at 37°C. Each well was washed twice with HBSS without Ca++ and Mg++ to remove the culture medium, and 2 ml of HBSS containing ferricytochrome C (100 gM) was added back to each well. Some wells also contained 50 llg/ml of superoxide dismutase (SOD, Sigma Chemical Co.) or 100 ng/ml of phorbol myristate acetate (Sigma Chemical Co.). All wells were incubated at 37°C for 30 min and then placed immediately on ice. Blanks contained all components of the reaction mixture except alveolar macrophages. Supernatants from each well were removed and centrifuged at 1,600 g for 20 min and assayed at 550 nm on a DU-8 spectrophotometer (Beckman Instruments, Inc.). Absorbance of SOD containing wells was subtracted to yield SOD-inhibitable ferricytochrome C reduction. Results were calculated using a AEM of 18.5 (39, 40) and expressed as nanomoles°2 released per 106 alveolar macrophages per 30 min.
Effect of dietary vitamin E on rat lung susceptibility to injury. To determine if different lung levels of vitamin E alter lung susceptibility to alveolar macrophage-induced cytotoxicity, the left lungs from both groups of rats were compared in an in vitro cytotoxicity assay system as described by Martin et al. (41) . The left lung was inflated with -4 ml of 0.6% low-melting point agarose (Bethesda Research Laboratories, Inc., Gaithersburg, MD) and placed in HBSS at room temperature to solidify the agarose. The agarose-filled lungs were then sectioned into 200-400-Atm thick slices with a tissue slicer, and the resulting parenchymal slices cut into explants with an average weight of 1-2 mg. To label the lung parenchymal cells, the explants were washed in HBSS and incubated for 90 min in 5% C02, 37°C, in 10 ml of assay medium (RPMI-1640 with 25 mM Hepes buffer, pH 7.4, 1.5% bovine serum albumin [Gibco] , penicillin [100 U/ml], and streptomycin [100 ug/mlJ) containing 100 ,tCi/ml 5'chromium (sodium chromate, Amersham Corp., Arlington Heights, IL). The labeled explants were then washed repeatedly in unlabeled media, weighed, and individually co-cultured in 1 ml of assay media to which had been added smoker alveolar macrophages at effector to target cell ratios of 5:1. After 18 h at 5% C02, 37°C, all tubes were centrifuged at 800 g for 5 min. The upper 0.5 ml of each supernatant was harvested, placed in a separate tube, and counted in a gamma counter.
The percent 5tCr released into the media was then determined as the ratio (dpm released into the media/total dpm of media plus explant) X 100%. Using these ratios, alveolar macrophage cytotoxicity was calculated as a cytotoxic index by the following formula: A -B/C -B X 100%, where A = percent 5'Cr released from the test explant incubated with alveolar macrophages; B = percent 5tCr released spontaneously from control explants; and C = the maximum percent 5"Cr released from control explants incubated in a solution of 2% Triton X. Spontaneous release of 5"Cr from control explants (B) was <30% in all experiments, and was not significantly different in normal or deficient rats. All experiments were performed in duplicate.
Statistical methods. All data was expressed as a mean and standard error of the mean. Paired data was compared using two-way analysis of variance. Unpaired data was analysed with the t test. Differences were assumed to be significant if P < 0.05.
Results
BAL. BAL was well tolerated by all subjects. There was no significant difference in the percentage of instilled saline recovered between smokers and nonsmokers (52.4±2.7 vs. 56.6+2.6%, P > 0.1). Vitamin E had no discernible effect on cell counts or cell differentials in either group (Table I) . Total cell counts were markedly increased in smokers compared with nonsmokers. Alveolar macrophage counts, expressed as cells X 103/ml of unconcentrated BAL fluid, were also significantly increased in smokers compared with nonsmokers, both at baseline (713±125 vs. 123±16, P < 0.005) and after vitamin E (732±114 vs. 118±16, P < 0.005). This sixfold increase in alveolar macrophages in smokers has previously been noted by other investigators (5, 15). There were also no significant differences in lavage cell differentials between smokers and nonsmokers, with alveolar macrophages comprising >90% of recovered cells under both treatment conditions (Table 1) . When assessed by trypan blue exclusion, the viability of both smoker and nonsmoker alveolar macrophages was always >90%.
Vitamin E levels. Serum levels of vitamin E increased significantly in both groups after supplementation (Table II) . The serum level in smokers increased from 8.8±0.7 ,ug/ml at baseline to 20.6±2.9 ,g/ml after vitamin E. A similar increase (10.5±1.6-22.7±1.9 ,Ag/ml) was seen in nonsmokers. Serum vitamin E levels (baseline and supplemented) did not differ significantly between smokers and nonsmokers (P > 0.1, both comparisons), and are consistent with previously reported values (42) (43) (44) .
In contrast to serum values, BAL fluid levels of vitamin E were significantly lower in smokers compared with nonsmokers (Table III) . Vitamin E was undetectable (<2 ng/ml) in the BAL fluid of five of seven smokers at baseline. If these five smokers at baseline are generously assumed to have BAL vitamin E levels of 2 ng/ml (the lower limit ofthe assay), then the average vitamin E content ofthe BAL fluid is 3.1±0.7 ng/ml for the seven smoking subjects. Corresponding baseline values for nonsmoker BAL fluid were significantly higher (20.7±2.4 ng/ml, P < 0.005). After supplementation, vitamin E was easily measured in the BAL fluid ofall seven smokers and averaged 9.3±2.3 ng/ml (P < 0.05 compared with baseline). Despite this increase, the level remained significantly less than either the baseline or supplemented BAL fluid levels of nonsmokers (P < 0.01, both comparisons). Thus, smoker BAL fluid was relatively deficient in vitamin E, and the level of vitamin E was only partially replenished by oral supplementation.
Although the alveolar macrophage vitamin E level in smokers was approximately twice the level of nonsmokers, both at baseline and following vitamin E, the differences did not reach statistical significance (P > 0.1, distribution and metabolism ofvitamin E was provided by measurement ofits principal oxidative metabolite, vitamin E quinone (Tables II-IV) . Serum levels of vitamin E quinone were quite low (<0.15 ,ug/ml) in all four study groups (Table II) . Moreover, the ratio, vitamin E quinone/vitamin E, was < 1.1% in all four groups (Fig. 1) .
In contrast to serum, BAL fluid from all subjects contained concentrations of vitamin E quinone that represented a significant portion of total vitamin E content (Fig. 1 ). This suggests that vitamin E is oxidized in the relatively high partial pressure oxygen environment ofthe lung. The ratio, vitamin E quinone/ vitamin E, was at least 35% in all four groups, and was statistically greater than all corresponding serum ratios (P < 0.05, all comparisons). Consistent with the observation that nonsmokers had higher BAL fluid vitamin E than smokers, nonsmokers also had higher BAL fluid vitamin E quinone levels than smokers (Table  III) . This relationship was maintained both at baseline and after supplementation (P < 0.05, both comparisons). Of greater relevance was the marked increase in the vitamin E quinone/vitamin E ratio in the BAL fluid of smokers at baseline (Fig. 1) . This elevated ratio, 108±26% in smokers at baseline, was significantly greater than the ratios of the other three study groups (P < 0.05, all comparisons). After supplementation, the absolute value ofsmoker BAL fluid vitamin E increased (Table III) , while the ratio, vitamin E quinone/vitamin E, markedly decreased from 108 to 51%, a value not significantly different from either baseline or supplemented nonsmoker ratios (P > 0.1, both comparisons). Thus, the following conclusions can be drawn based on the measurement of vitamin E and vitamin E quinone in BAL fluid: (a) a significant portion of BAL vitamin E is oxidatively metabolized to the quinone form in the human lung; and (b) the relative deficiency ofvitamin E in the BAL fluid ofsmokers may be partially explained by a greater oxidation of vitamin E in the lower respiratory tract of smokers compared with nonsmokers.
Alveolar macrophage vitamin Equinone levels were not significantly different in the various treatment groups (Table IV) . Fig. 2 ). When lung explants prepared from these two groups of animals were incubated with smoker alveolar macrophages, cytotoxicity correlated inversely with the lung level of vitamin E (Fig. 2) . Smoker alveolar macrophages were significantly more cytotoxic for lung explants prepared from the vitamin E-deficient rats than lung explants prepared from rats on a normal diet (43.5±2.1 vs.
15.7+3.5%, P < 0.005).
Discussion
Oxidants in cigarette smoke and those released by inflammatory cells recruited to the lung play an important role in the pathogenesis of emphysema (1) . The antioxidant, vitamin E, has been employed in numerous animal experiments to neutralize oxygencentered free radicals and decrease lung susceptibility to oxidant injury (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) . Vitamin E has also been used with some success in two oxidant-mediated disorders of humans: certain hemolytic anemias (45) and retrolental fibroplasia of the neonate (46) . The present study suggests a possible role for vitamin E in the lung's defense against cigarette smoke. Young asymptomatic cigarette smokers were found to have a relative deficiency of vitamin E in their alveolar fluid, which could only be partially replenished by oral supplementation. Although the mechanism for this de- If vitamin E protects the lung against cigarette smoke, the mechanism probably relates to its ability to prevent lipid peroxidation. Lentz (24, 26, 27, 31, 32, 47, 48) . Thus, vitamin E has a potential role in preventing cigarette smoke-induced peroxidation of lung lipids.
One of the most intriguing findings of the present study was the low level of alveolar fluid vitamin E in smokers. It is conceivable that these low alveolar fluid levels are the result of an increased demand for this antioxidant by lung tissue exposed to a high level of oxidants. In this context, previous investigators have demonstrated that rats exposed to an oxidant stress such as NO2 increase their lung levels of vitamin E (24, 49) . This increase is not seen in other tissues, and suggests that vitamin E is mobilized from other tissue sites to aid in neutralizing increased oxidants in the lung. This same phenomenon may occur in smokers who are chronically exposed to an increased burden of oxidant substances. Their lung parenchyma may take up additional vitamin E, leaving other compartments, especially the alveolar fluid, with a relative deficiency. Since lung parenchyma is composed of alveolar macrophages as well as its component structural cells (epithelial, endothelial, and fibroblasts), the exact site of this increased uptake of vitamin E is unknown. Certainly alveolar macrophages may account for much of this increase, since alveolar macrophage numbers are greatly increased in smokers, and since the present study demonstrates that their vitamin E content is as high as nonsmoker alveolar macrophages. In a similar type of study, McGowan et al. (50) have demonstrated that smoker alveolar macrophages contain greater amounts of vitamin C than nonsmoker alveolar macrophages, and accumulate higher levels ofradiolabelled vitamin C in vitro. Thus, in the current study it seems possible that the deficiency of vitamin E in the smoker alveolar fluid may reflect increased uptake by lung parenchymal cells, especially the alveolar macrophages.
An alternative explanation for this deficiency is provided by data in the present study that suggests that smoking may accelerate the oxidative metabolism of vitamin E at the alveolar surface. Even in nonsmokers, the oxidation of vitamin E to the quinone metabolite occurs to a greater extent in the lung compared with other tissues. The vitamin E quinone/vitamin E ratios were markedly elevated in human alveolar fluid, and both rat alveolar fluid and rat lung tissue contained ratios well in excess of the other organs examined. This process occurs to an even greater extent in the lungs of smokers as demonstrated by the very high vitamin E quinone/vitamin E ratio (108%, Fig. 1 (38) have demonstrated that neutrophil vitamin E content increases threefold after oral supplementation. Thus, the inability of vitamin E supplementation to decrease 0°release from smoker alveolar macrophages probably reflects both the inability to increase the already high baseline vitamin E levels, as well as the inability of vitamin E to impact on 0°release.
Alveolar fluid is a plasma ultrafiltrate that bathes and protects the alveolar surface. This fluid contains a wide spectrum of plasma proteins (52) , and some of these proteins, including ceruloplasmin and transferrin, may function as lower respiratory tract antioxidants (53) (54) (55) . Additional antioxidants present in alveolar fluid include surface active material (55) and vitamin C (50, 56, 57) . The present study provides evidence that vitamin E is also detectable in human alveolar fluid, and should be added to the list of lower respiratory tract antioxidants. Furthermore, vitamin E quinone is also an antioxidant (58) (59) (60) , and its presence in alveolar fluid may afford additional protection against oxidant injury. As with vitamin E, cigarette smokers have a relative deficiency of vitamin E quinone in their alveolar fluid compared with nonsmokers.
The significance of low alveolar fluid vitamin E levels to the pathogenesis of emphysema in smokers is unclear at this time. However, vitamin E in the alveolar fluid may function to neutralize the oxidants and free radicals present in cigarette smoke as well as those released by lung inflammatory cells. Deficient levels of vitamin E in the thin layer of fluid lining the alveolar surface may allow an unimpeded attack on lung parenchymal cells. The cytotoxicity experiments in the present study confirm the potentially important protective role of vitamin E. Alveolar macrophage cytotoxicity for lung parenchymal cells was inversely related to lung levels of vitamin E. This ability of vitamin E to prevent oxidant-mediated cytotoxicity has previously beep noted by Martin et al. (41) , who protected lung explants from oxidant damage by the addition of vitamin E to the tissue culture medium. These findings suggest that vitamin E is an important alveolar fluid antioxidant. Deficient levels in cigarette smokers may expose the lung parenchymal cells to an increased burden of oxidants and contribute to the pathogenesis of emphysema. 
